Progress.-She has been on a normal hospital diet from July 1950, with no extra vitamins other than those in 2 teaspoons of cod-liver oil and malt daily. Serial estimations of serum calcium and inorganic phosphorus showed rising values to 9 4 and 5 6 mg.°/ respectively on 23.10.50. Alkaline phosphatase remained high. Over two four-day periods in September 1950 she was in positive calcium and phosphorus balance. Radiographs of the wrist on 1.11.50 ( Fig. 3) showed healing as compared with that of 23.6.50 (Fig. 2) . Since the case was demonstrated on 7.11.50, urinary amino acids showed an abnormally high value on two occasions (20 mg. N and 17 mg. N per 100 ml.) whereas they were previously normal.
The pathology is obscure. Is this a case of Fanconi type without glycosuria in a phase of remission?
Dr. Harwood Stevenson said that:
It was sometimes difficult to fit these cases with certainty into a diagnostic classification. Dr. Taylor's case illustrated this: One point was as to whether there was steatorrheea. The child had remitted without any treatment other than the amounts of vitamin D given in cod-liver oil.
Therefore this was a case either of ordinary rickets (which was unlikely) or steatorrhcea with rickets or remitted Group 1 type of tubular deficiency, i.e. congenital low phosphate tubular threshold. Steatorrhtea did not need to have frank diarrheea or foul stools, and remissions did occur. He mentioned steatorrheea principally because the congenital tubular resorption conditions were not, as a rule, capable of remission on their own so far as he knew. It would be useful to wait until she had entered again into the rickets stage, if she ever did, on normal diet, and then check her phosphate balance when she had active rickets. The diagnosis seemed to lie between ordinary vitamin-D-lack rickets (which one could rule out on the basis of dietetic history and the unique position in an otherwise healthy family), steatorrheea (here the fat balance would help) and a remitted Group 1 type of tubular deficiency (here a phosphate balance would be helpful if taken during a rachitic recurrence).
The raised amino-aciduria noted since the demonstration of the case increases the likelihood of the child having congenital renal tubular threshold abnormalities; "Fanconi's disease" is one of this group. At 18 months of age she was first noticed to be bandy-legged; she began to walk at 2 years. From 6 years old treated with massive doses of calciferol (up to 500,000 units daily) at various centres, over a period of three years. Difficult to control rickets by therapy without causing toxic symptoms. From 1946 she had only cod-liver oil and malt. Knockknee deformity and fatigue on walking were apparent.
She first attended the London Hospital with knock-knees in May 1948, and was found to have extensive rachitic deformities ( Treatment.-With varying doses of calciferol, blood calcium rose, alkaline phosphatase fell and radiographic appearances of diaphyses improved (Fig. 2) . Operation (12.5.49 ).-Bilateral femoral supracondylar osteotomy-osteoclasis with double plaster spica immobilization. Progress. Calciferol therapy continued until July 1949. Marked loss of weight and appetite, also onset of irritability, deafness and thirst following operation. Progressive stiffness of shoulders, and slow recovery of movement in hips and knees after removal of plaster on 27.9.49. In November 1949 calcified deposits were noted in both tympanic membranes. Calcification of joints of ossicles of middle ear also suspected.
X-rays then showed calcified deposits in various ligaments, arteries, cartilages, falx cerebri (Figs. 3, 4, 5) . No renal calcification seen even on tomogram.
Blood calcium 14*8 mg. % six months after operation. Calcium and phosphorus balance negative. Concentration of some urinary anmino acids increased. Gross impairment of renal function.
On a low-calcium diet weight has increased, hearing and renal function have improved. Blood calcium has returned to normal, while serum phosphorus has remained low. Dr. H. G. Dunn described the medical findings. He said that Dr. Tallerman was asked to see this patient in May 1948 and was of opinion that any orthopxedic operation should be delayed until the rickets was controlled by vitamin D. The girl was therefore transferred to the Children's Department and certain investigations were made to exclude particularly steatorrhcea or disturbed renal function as the cause of rickets. None of these tests showed any abnormality. The urine was normal, the urea clearance and concentration tests were within normal limits. The alkaline phosphatase was 55 units, the serum calcium was 8 8 mg. %, and the inorganic phosphorus was low at 3 mg. % and had remained so. Treatment was largely by calciferol. This was started in June 1948. It was stated that at the other hospitals the patient had attended she had required up to 500,000 units daily to control the rickets, and so she was initially given 600,000 units per day. After one month there was a fall in the blood phosphatase and an improvement in the X-ray appearance of the patient's wrists. Therefore the dosage was reduced to 400,000 units and this was continued for another two months. X-ray pictures showed how the rickets improved at this time. At the end of September, after three months' treatment, the patient complained of some loss of appetite, nausea, and abdominal pain. She had lost 4 lb. in weight. Therefore calciferol treatment was discontinued. The rachitic process then became slightly more active again, and also the phosphatase began to rise. In March 1949 calciferol therapy was again started, 300,000 units being given daily. There was some improvement, and in April it was thought that the rickets was sufficiently controlled to allow orthopxdic measures to be undertaken. By that time the alkaline phosphatase had fallen to 18 units; the blood urea was 45 mg. % and the urea concentration in the urine was still above 2,000 mg. %. It was contended that the renal function was probably still normal and the patient was referred back to the orthopedic department for operative treatment.
In early May bilateral femoral supracondylar osteotomy-osteoclasis was performed. The calciferol treatment was continued in the Orthopedic Department, the patient being given 250,000 units daily. This was maintained until July, two months after the operation, and was then stopped. When she was seen again in the Children's Department six months after the operation the first thing noted was that she had become thin as compared with her first appearance. The face was haggard, the ribs were showing, and she had actually lost 8 lb. in weight. The symptoms of which she was complaining were loss of appetite, a feeling of sickness, and considerable thirst. Finally, she complained of deafness. This had started insidiously after the operation. When examined she was found to be rather tired looking and showed a certain limitation of movement at the hips, knees, and shoulders (Fig. 1B ). There were calcareous deposits in both ear drums. Examination of her hearing showed it to be greatly impaired. She was able only to hear a whispered voice at 1 ft. distance. Bone conduction was better than air conduction. The blood calcium at this time was 14-8 mg. %. One month later she was admitted for further investigation and the essential abnormal findings were that the blood calcium was now 12 mg.%, and the phosphorus still about 3 mg. %, while all the renal function tests showed gross impairment. The alkaline phosphatase and also the plasma bicarbonate were quite normal. The water concentration test showed a urine specific gravity up to only 1007 and afterwards 1010. The urine level of several amino acids was abnormally high. X-rays showed calcified deposits in various ligaments, cartilages, arteries and falx cerebri, but not in the kidneys.
She was placed on a low-calcium diet, which in practice means a diet free of milk and all milk products. She was supervised as an out-patient while on this diet and there was considerable improvement in her renal function; the blood calcium came back to within normal limits. It appeared, however, that the rachitic process was becoming active again and she was now back on an ordinary diet. It might be that she would be given calciferol again.
Dr. Dunn added that the causes of rickets in children might be classified in certain ways (Table I) but one group, namely that due to idiopathic resistance to vitamin D (the one which was sometimes described as refractory rickets) was probably the group to which this patient belonged. In rickets due to renal defects it was necessary to distinguish between total renal insufficiency and tubular insufficiency, and there were two main classes of the latter described, one as the Fanconi syndrome and the other as renal acidosis. In the second of these it was impossible for the kidneys to produce an acid urine, and therefore the patient would have acidosis and the kidneys were liable to become impregnated with calcium.
There were also intermediate cases which were examples of incomplete Fanconi syndrome, and possibly this patient might fall into this group. Finally, he should mention the hypervitaminosis D. This had followed the usual symptomatology in that the patient had suffered from loss of appetite, loss of weight, nausea and thirst. But there was one other symptom in this case, not previously described, and that was the deafness due to calcification of the middle ears. To prevent hypervitaminosis the blood chemistry should be followed, particularly the calcium, and the urine should be examined with Sulkowitch's reagent. Calciferol therapy should be discontinued for at least one month before any corrective operations are undertaken, for the subsequent immobilization in plaster will tend to cause hypercalcaemia and to precipitate vitamin-D poisoning as in this case. For actual treatment there appeared to be nothing, apart from low-calcium diet, that one could usefully do for these patients.
Mr. H. H. Langston said that the case reminded him of one which he had shown the previous year at a joint meeting of the Section with the Section of Endocrinology (Proc. R. Soc. Med., 1950, 43, 910) . He had illustrated the danger of hypervitaminosis in these patients with vitamin-resistant rickets. His own case appeared to be a true one of vitamin-resistant rickets, and it was given astronomical doses of calciferol. Some three months after the treatment the rickets appeared healed, but the child started having fits and very rapidly went into status epilepticus and died. On post-mortem examination there were found two quite large areas of calcification of the cortex of the brain, with softening and surrounding hemorrhage.
Another case which he had had under his treatment some years ago was considered to be a definite case of this type. He and his colleagues of the Lord Mayor Treloar Orthopedic Hospital were not then aware of the possibilities in these cases and, being satisfied that the case was not one of renal rickets, a tibial osteotomy was done. The result was alarming for the upper end of the tibia seemed just to melt away, and became radiologically almost invisible a few weeks after operation.
Dr. Harwood Stevenson said that Mr. James' and Dr. Dunn's case would appear to be a rickets due to low renal threshold for phosphate and possibly aminoacids. They had found high aminoacid excretion in the urine, though that was at the period of renal dysfunction. It might be worth repeating that test now. He asked whether it might be worth doing a glucose tolerance test and checking the renal threshold for glucose in that way. Intoxication during any period of immobilization always presented a difficulty, for that was the time when symptoms of intoxication were most likely to be induced.
POSTSCRIPT.-In January 1951 the patient's urinary amino-acid excretion was found to be normal in quantity and pattern. Renal function had nearly returned to normal. There was some evidence of deficient ammonia formation by the kidneys. Figs. 1 and 2) .
The arms are held extended and adducted across the front of the chest wall. The forearms are fully pronated and the wrists held flexed, giving the appearance of bilateral Erb's palsy.
There is also marked hyperextension of the knees and marked talipes calcaneo valgus deformity in the right foot.
The literature states that nothing can be done in these cases, but Sir Thomas Fairbank says: "I think it is well worth while getting the mother to stretch gently the tight tissues limiting the movements of the joints two or three times a day, as I have seen marked improvement where the mother is intelligent-even to the extent of practically complete recovery in some, if not all, of the stiff joints."
